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Williams syndrome (WS) is a genetic deletion syndrome characterized by severe
visuospatial deficits affecting spatial exploration and navigation abilities in extra-personal
space.To date, little is known about spatial elaboration and reaching abilities in the
peripersonal space in individuals with WS. The present study is aimed at evaluating
the visuospatial abilities in individuals with WS and comparing their performances with
those of mental age-matched typically developing (TD) children by using a highly sensitive
ecological version of the Radial Arm Maze (table RAM). We evaluated 15 individuals with
WS and 15 TD children in two different table RAM paradigms: the free-choice paradigm,
mainly to analyze the aspects linked to procedural and memory components, and
the forced-choice paradigm, to disentangle the components linked to spatial working
memory from the procedural ones. Data show that individuals with WS made significantly
more working memory errors as compared with TD children, thus evidencing a marked
deficit in resolving the task when the mnesic load increased. Our findings provide new
insights on the cognitive profile of WS.
Keywords: spatial exploration, spatial memory, ecological behavioral task, children, navigation abilities
INTRODUCTION
Williams syndrome (WS) is a rare genetic disorder, with a prevalence of 1 in 7,500–1 in 20,000
(Stromme et al., 2002), without gender preference, caused by a microdeletion on chromosome
7q11.23 (Ewart et al., 1993; Koehler et al., 2014).
WS has drawn the attention of cognitive neuroscientists as a result of an uneven cognitive profile
with selective weak points in visuospatial abilities, and relative strength points in verbal abilities and
face recognition (Atkinson et al., 2001; Bellugi and St George, 2001; Vicari et al., 2001; Searcy et al.,
2004). In relation to their visuospatial deficit, WS individuals fail selectively on tasks requiring to
decipher, judge, recall, and reconstruct the relationship between forms and objects (e.g., draw a
house, replicate a block design, recall where an object was previously seen on a page, determine the
orientation of a line; Bellugi et al., 1999; Mervis et al., 2000; Vicari et al., 2005; Martens et al., 2008;
Farran et al., 2013; Broadbent et al., 2014a; Farran and Dodd, 2015).
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In the last decade, behavioral studies based on large-
scale spatial tasks elucidated how the visuospatial deficits of
WS individuals influence exploration of large environments
(Mandolesi et al., 2009a; Smith et al., 2009; Farran et al., 2010,
2012; Farran and Dodd, 2015; Farran et al., 2019; Foti et al., 2011;
Broadbent et al., 2014b, 2015).
Importantly, the exploration and orientation in new and
known environment represent spatial abilities needed in
everyday life and, therefore, a prerequisite to autonomy and
social integration. In the same way, it is important to be able
to explore, know, and understand how peripersonal space is
organized. These abilities allow to interact with objects by
correctly interpreting what they are for. Hence, the study of
spatial exploration proves relevant for the implementation of
intervention programs in cognitive disabilities in general, and in
WS in particular.
To explore an environment, the subject has to gain knowledge
of the position of the environmental cues and of his/her own
position with respect to these (O’Keefe and Nadel, 1978; Stupien
et al., 2003). This type of spatial knowledge is referred as
‘‘declarative’’ (Jarrard, 1993). In wayfinding and navigation
task, the declarative knowledge is mainly related to egocentric
and allocentric encoding. Egocentric coordinates refer to the
positions of environmental cues with respect to the subject, while
allocentric coordinates represent the position of a cue in relation
to another cue and then irrespective of the position of the subject
(Arleo and Rondi-Reig, 2007).
On the other hand, the subject needs to understand how
to move in the environment to reach (or avoid) specific cues
(Mandolesi et al., 2009b). This type of knowledge is referred
to as ‘‘procedural’’ (Foti et al., 2011) and in wayfinding and
navigational tasks the procedural knowledge is highly correlated
to exploration strategies.
It is well accepted that declarative and procedural spatial
abilities are equally necessary for an efficient exploration and
for the construction of a spatial map (O’Keefe and Nadel,
1978; Mandolesi et al., 2009b). Furthermore, these processes are
strongly correlated with spatial working memory (Sorrentino
et al., 2019). In conclusion, given its complex and multi-faceted
nature, the study of spatial exploration requires taking into
account all the spatial abilities involved.
Many researchers investigating spatial exploration inWS have
mainly focused on the different facets of declarative knowledge,
analyzing egocentric and allocentric encoding by means of
wayfinding and navigational tasks (Bernardino et al., 2013).
From these studies, it emerges that individuals with WS have
difficulty to estimate the relation between landmarks and specific
items within an environment (Farran et al., 2010; Broadbent
et al., 2014a), and to employ a sequential egocentric strategy
to guide the learning and retracing of a route (Broadbent
et al., 2015). This evidence suggests a deficit in allocentric and
egocentric encoding that could be explained by anatomical and
functional alterations in the hippocampus (Meyer-Lindenberg
et al., 2005), and by the well-documented deficit in the
dorsal stream (Atkinson et al., 2001; Meyer-Lindenberg et al.,
2005)—the neural pattern related to the link between perception
and action.
Along with behavioral studies on WS, our research group
mainly focused on the study of explorative abilities of WS
individuals by means of two highly ecological walking spatial
tasks: the Radial Arm Maze (RAM) and the Open Field
with multiple rewards (OFmr). Both spatial tasks revealed the
presence of procedural and memory deficits in WS (Mandolesi
et al., 2009a; Foti et al., 2011).
While exploration abilities in WS have been extensively
studied with the large-scale tasks, little is known about
the exploration of peripersonal space in this syndrome.
This space has a key functional role, as it is where all
physical interactions with objects in the environment occur
(Serino, 2019). The binding of visual information arising
outside the body with tactile information arising on the
body allows the representation of the space lying in between.
This peripersonal space is often the theater of interactions
with objects, supports self-location, contributes to bodily self-
consciousness, and mediates higher-level cognitive functions
(Serino, 2019).
The objective of the present study is to study whether
the deficit in visuospatial information processing in the extra-
personal space evidenced in WS individuals was also present
during the exploration of the peripersonal space. Hence, in
the present research, we evaluated the peripersonal visuospatial
abilities in individuals with WS by using a table version
of the Radial Arm Maze task (table RAM) and compared
their performances with those of mental age-matched typically
developing (TD) children.
MATERIALS AND METHODS
Participants
Fifteen individuals with WS (nine males and six females)
and 15 mental age- and gender-matched TD children were
recruited to participate in the study. All WS individuals (mean
chronological age, 18.1 years ± 5.2) and TD children (mean
chronological age, 6.5 years ± 0.5) were right-handed and
native Italian speakers. Participants with WS were recruited at
the Children’s Hospital Bambino Gesù in Rome and at WS
Association Marche in Fano (PU, Italy). Clinical diagnosis of
WS was confirmed by genetic investigation (fluorescence in situ
hybridization) demonstrating the deletion on the chromosome
band 7q11.23. All participants live home with their families
in Italy. The participants’ cognitive level was measured using
the short version of the Leiter-R intelligence scale (Roid
and Miller, 2002). Mean mental age in the WS group was
6.2 years± 0.8 and in the TD group was 6.5 years± 0.6, whereas
mean intelligence quotient (IQ) was 55.7 ± 7.3 and 103.5 ± 6.0,
respectively. Overall, the groups differed in chronological age
(F(1,28) = 73.9, p < 0.00001, η2p = 0.73) and IQ (F(1,28) = 386.4,
p < 0.00001, η2p = 0.93), but not mental age (F(1,28) = 1.6,
p = 0.22, η2p = 0.054).
Written informed consent was obtained from all the parents
of the participants. The study had been approved by the Ethics
Committee of Bambino Gesù Children’s Hospital, Rome, Italy
(protocol number 486 LB) and was carried out in accordance
with the declaration of Helsinki.
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Table Radial Arm Maze (table RAM)
The table RAM is made of a round central platform (5 cm in
diameter). Eight green arms (3 cm wide× 25 cm long) depart the
central platform like the spokes of a wheel (Figure 1). At the end
of each arm, a small black round cap (1 cm in diameter × 2 cm
height) covered the reward (a little colored wooden ladybug).
The table RAM was placed on a desk while the extra-maze
cues (windows, paintings, posters, doors, and experimenter) were
held in constant spatial relations throughout the experiment. The
arms were virtually numbered clockwise, arm 1 being in front of
the subject. Participants had visual access to the table RAM only
during the experiment.
Although the participant is seated in front of the RAM, this
task can be considered as a peripersonal visuospatial task because
it forces the child to explore a portion of space accessible with
the limbs.
Experimental Procedure
The table RAM task was presented as ‘‘Ladybug game.’’ The child
had to move the older sister ladybug (‘‘Ladybug’’), placed on the
central platform, to find its sisters hidden inside the caps at the
end of each arm.
To increase motivation, at the end of each trial the
child received a reward (a coin) in exchange for the
ladybugs discovered.
The children were evaluated in two different table RAM
paradigms: the free-choice paradigm, to analyze the peripersonal
procedural and memory components, and the forced-choice
paradigm, to disentangle the components linked to spatial
memory from the procedural ones. The choices made by the
participants in each trial of both paradigms were videotaped and
registered manually.
Free-Choice Paradigm
Each child could explore the eight arms freely to find the ladybugs
hidden inside the caps at the ends of each arm. A trial was
counted as successful when all eight ladybugs were collected.
Afterwards, the child could keep the Ladybug for a short time
to verify whether he/she was aware of having finished the trial.
In other words, the experimenter observed whether the child
revisited a previously explored arm to find a further ladybug
in the upturned caps. After a supplementary incorrect visit, the
child was informed that the game was over.
A trial ended when all eight ladybugs had been collected,
when 20 choices had been made, or after 5 min from the start
of the task. Since each cap contained one ladybug, the optimal
performance entailed eight visits to the arms, that is, visiting each
upturned cap only once.
If the subject visited the same arm twice during the same trial,
it was considered as an error. All participants performed three
trials in 1 day (one session). The inter-trial interval was at least
1 h long.
At the beginning of the first trial, the experimenter used
the same simple verbal instructions to explain the task to each
participant (‘‘Now we will play a little game in which the
Ladybug has to find its sisters hidden in these black upturned
caps. On my mark, make the Ladybug move. Remember not
to let it get out of the corridors, and always return it to
the center. Then, put its sisters at the center so they won’t
hide anymore. Go and enjoy yourself!’’). Immediately after the
instructions were given, the participants started the task and no
further instructions and verbal encouragement were provided.
All participants displayed no hesitation when starting the task.
In fact, all participants did not spend more than 1–2 s before
moving the Ladybug on the central platform. The trial was void
if the child made the Ladybug exit the maze. All participants
ended the trials in the required time. To assess the subjects’
performance in the free-choice paradigm, we evaluated the
following parameters: search efficiency, defined as the percentage
of correctly visited arms divided by the total number of visits; the
longest sequence of correctly visited arms (the sequence ranged
from 1 to 8); error-free trials, calculated as the number of trials
without errors; adjacent visits, calculated as the percentage of
visits in adjacent arms (i.e., visiting arm 3 and then arm 4)
divided by the number of visits; declarative mastery, a binary
index classifier of the participant’s behavior at the end of the
trial, defined as 0 if they wrongly continued the search, and
as 1 otherwise.
Forced-Choice Paradigm
The day after the session of the free-choice RAM paradigm, the
participants were tested in the forced-choice paradigm of table
RAM. In the first phase, although all arms contained the ladybugs
on them, only four arms (for example, arms 1, 3, 4, 7) were
accessible because the remaining four arms were closed by a Lego
cube (2 cm × 2 cm × 2 cm) at the proximal end of each arm.
Different angles separated the opened arms to avoid the subjects
reaching the solution through the employment of a procedural
strategy, such as for example performing only adjacent angles.
The table RAM task started with the Ladybug placed on the
central area of the maze and the participant was allowed to
explore the four open arms by moving the Ladybug to collect the
four accessible ladybugs. Afterwards, the participant was invited
to interrupt the game and she/he was kept in a separate place
without seeing the game and chatting with the experimenter
for 120 s before the second phase of the task started. In the
second phase, the participant was allowed moving the Ladybug
in all arms, but only the four previously closed arms were
rewarded (since the other four ladybugs had been collected in the
previous phase). The successes in visiting only the rewarded arms
essentially depended on remembering which arms had already
been visited, stressing thememory component and neglecting the
search patterns.
Each participant performed three trials a day for two
consecutive days (two sessions), with an inter-trial interval of
at least 1 h. In each of the six trials, a different configuration
of closed arms was used. The arms opened in the first phase
were never contiguous nor separated by regular patterns of angles
(e.g., the opened arms never were 1, 2, 3, 4, or 1, 3, 5, 7).
At the beginning of the first trial, the experimenter explained
the task to each participant using the same simple verbal
instructions (‘‘Do you remember the Ladybug that had to find
its sisters under the black upturned caps? Well, the mischievous
sisters have hidden themselves again. However, they do not know
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FIGURE 1 | Views of the table Radial Arm Maze (RAM). The figure shows two typically developing (TD) children performing the “Ladybug game” by means of table
RAM in the free-choice (A) and forced-choice (B) paradigms of the task. Written informed consent was obtained from the parents of children for the publication of
this image.
you’re there to help the Ladybug find them. Now, some corridors
are blocked. You have to let the Ladybug enter only in the arms
that are open. Go!’’). The verbal instructions after the 120-s
interval were: ‘‘Uh! Something now has changed, there are no
Lego bricks anymore. Then, the Ladybird can freely go and look
for the other sisters! Good job!’’).
In the forced-choice paradigm, the parameter taken into
account was the short-termmemory errors, defined as the re-visits
into already visited arms. This parameter was broken down
further into two error subtypes: across-phase errors, defined as
visits into an arm that had been visited during the first phase
of the same trial; within-phase errors, defined as re-visits into
an arm already visited in the same phase. We considered also
the longest sequence of correctly visited arms. In this case, the
sequence ranged from 1 to 4.
Statistical Analyses
All data were presented as the mean ± SD and were first
tested for normality (Shapiro–Wilk’s test) and homoscedasticity
(Levene’s test). When normally distributed, data were analyzed
by using one-way or two-way analyses of variance (ANOVAs).
When data were not normally distributed, non-parametric
analyses (Mann–Whitney U, Wilcoxon’s test) were used. The
error-free trials and the declarative mastery were evaluated
using χ2 metric. Analyses were performed by using Statistica
8.0; the significance level was defined as p < 0.05. Giving
the numerous analyses, controlling for the alpha inflation
was needed. We controlled the proportion of type I errors
among all rejected null hypotheses by setting the false discovery
rate (FDR) to 0.05. The FDR was estimated through the
procedure described in Benjamini and Hochberg (1995). In our
results, the 0.05 level of significance reported was pre- and
post-FDR correction.
RESULTS
Free-Choice Paradigm
Search Efficiency
The percentage of correct visits represents a general parameter
that indicates the efficiency of processing of peripersonal space.
Therefore, it can be considered as a parameter that expresses
all the others in their entirety. Individuals with WS obtained
significantly lower values of search efficiency than TD children
(WS: median = 88.89, q1 = 76.4, q3 = 100; TD: 100, q1 = 96,
q3 = 100; Mann–Whitney U = 68.5, Z = −1.99, p = 0.04,
pFDR = 0.049; Figure 2A).
Error-Free Trials
This parameter more precisely reflects the search efficiency, that
is, the degree of correctness of the task. When the error-free
trials were considered, the performance observed in WS and TD
groups was significantly different. Indeed, the WS participants
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FIGURE 2 | Performances of the Williams syndrome (WS) participants and
TD children in free-choice paradigm. Data are expressed as median and
quartiles (A,B) and mean ± SD (C). The asterisk indicates the significance
level of Mann–Whitney U (∗p < 0.05), +indicates outliers. ns = no significant
difference.
performed a significantly lower number of error-free trials than
TD participants (WS vs. TD: 6 vs. 12; χ2 = 5; df = 1; p = 0.02,
pFDR = 0.027).
The Longest Sequence of Correctly Visited Arms
This parameter indicates the longest sequence of correctly
visited arms. High values could be obtained by exploiting
the working memory and mapping abilities or by efficient
explorative strategies. The longest sequence of correctly visited
arms of WS and TD groups was not significantly different (WS:
median = 7; q1 = 5; q3 = 8; TD: 8; q1 = 7.2; q3 = 8; Mann–Whitney
U = 78.5, Z =−1.53, p = 0.12, pFDR = 0.132; Figure 2B).
Adjacent Visits
The exploration of adjacent arms indicates how well the
procedural strategy of research is put into action. High
percentages indicate that the task is solved without (or with
little) mnesic load and is correlated to the parameter reporting
the longest sequence of correctly visited arms. The percentages
of adjacent visits of WS and TD groups showed no significant
difference (WS: x¯ = 72.7 ± 22.54; TD: x¯: 79.1 ± 28.09; one-way
ANOVA: F(1, 28) = 0.42, p = 0.52, pFDR = 0.520, η2p = 0.01;
Figure 2C).
Declarative Mastery
The awareness of having concluded the task represents a
parameter correlated to the mapping abilities and/or to rules
learned. A significantly higher proportion of WS individuals was
not aware of having completed the task as compared to TD group
(χ2(df = 1) = 2.16; p = 0.014, pFDR = 0.022).
Forced-Choice Paradigm
Short-Term Memory Errors
This parameter as a whole indicates a possible deficit in
short-term memory processes without specifying the kind of
the memory deficit. A one-way ANOVA was run on short-term
memory errors performed in the second phase of the test when
all the arms were opened and the participants could move
the Ladybug without restrictions. Statistical analysis revealed
that WS individuals made a significantly higher number of
short-term memory errors than TD children (WS: = 4 ± 1.08;
TD: x¯ = 2.1 ± 0.91; F(1, 28) = 27.02, p = 0.00002, pFDR = 0.00011,
η2p = 0.49; Figure 3A).
To better understand the kind of the memory deficit, we have
analyzed the two subtypes of short-term memory errors: across-
phase errors (visits into an arm that had been entered during
the first phase) and within-phase errors (re-visits into an arm
previously visited in the same phase). While across-phase errors
reflect a short-term deficit, within-phase errors express a working
memory deficit. Non-parametric analyses (Mann–Whitney)
revealed that WS individuals made a significantly higher number
of across-phase and within-phase errors compared with TD
children (across-phase errors: U = 31, Z = 3.38, p = 0.0007,
pFDR = 0.0001; within-phase errors: U = 38, Z = 3.09, p = 0.002,
pFDR = 0.004). Moreover, non-parametric analyses (Wilcoxon’s
test) revealed that both groups made more across-phase errors
than within-phase (WS: Z = 3.29, p = 0.0001, pFDR = 0.0004; TD:
Z = 3.41 p = 0.0006, pFDR = 0.002; Figure 3A).
The Longest Sequence of Correctly Visited Arms
In this paradigm, this parameter ranged from 1 to 4. High
scores in this parameter express a correct functioning of working
memory processes. In fact, to prevent solving the task by using
procedural strategies, in the second phase the correct arms
were never contiguous nor separated by regular patterns of
angles. WS individuals obtained significantly lower scores of
the longest sequence of correctly visited arms than TD children
(WS: x¯ = 2.1 ± 0.42; TD: x¯: 2.8 ± 0.24; one-way ANOVA:
F(1,28) = 28.79, p = 0.00001, pFDR = 0.0001, η2p = 0.51; Figure 3B).
DISCUSSION
The present study focused on the analysis of the processing
of the peripersonal space in individuals with WS by using a
small-scale behavioral task that allows distinguishing memory
components from procedural ones. In particular, we used a
table version of the RAM that reproduces in small scale the
classical walking RAM task (Overman et al., 1996; Mandolesi
et al., 2009a). We tested WS individuals according to two
RAM paradigms: the free-choice and forced-choice paradigms
that allow to evaluate different facets (procedural and memory
abilities) of the spatial function. In fact, while the free-choice
paradigm allows to evaluate the possible presence of a global
spatial deficit (without distinguishing procedural from memory
abilities) and of impaired declarative abilities (by means of
the declarative mastery parameter), the forced-choice paradigm
allows to realizemore precisely the nature (procedural ormnesic)
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FIGURE 3 | Performances of the WS and TD participants in forced-choice
paradigm. Data are expressed as mean ± SD: (left side of part A and B) and
median and quartiles (right side of part A). The asterisks indicate the
significance level of ANOVAs and Wilcoxon’s test (∗∗p < 0.005,
∗∗∗p < 0.00005). + indicates outliers.
of the deficit, providing also the distinction between short-term
and working-memory errors.
The main result of the present research is the deficit of WS
individuals in the peripersonal space based mainly on impaired
memory abilities. Such a memory deficit emerged clearly
analyzing the performances of the WS individuals in the forced-
choice paradigm that singles out short-term from working
memory abilities. In fact,WS individualsmade significantlymore
within-phase errors and obtained lower values of the longest
sequence of correctly visited arms (Figures 3A,B) in comparison
with TD children.
A memory deficit was evident, although more mildly, even
in the free-choice condition, when WS participants obtained
a success rate lower than TD children (Figures 2A,B). Again,
when procedural abilities were considered, the WS participants
performed similarly to the TD children. In fact, the two groups
of participants made a comparable number of visits in adjacent
arms (Figure 2C), thus putting in place an efficient search
strategy. The procedural strategy of visiting adjacent arms is
captured by the longest sequence of correctly visited arms, a
parameter that in this paradigm was similar in both groups
(Figure 2B). It is important to stress that, despite the WS
individuals used exploration strategies similar to the TD children,
unlike them, the WS participants did not realize that the task
was finished (as indicated by the declarative mastery parameter),
once again confirming the presence of a deficit in visuospatial
information processing.
The data described in both our studies with walking RAM
task (Mandolesi et al., 2009a) and table RAM task highlight
that in WS the deficit in the elaboration of the allocentric
space is different from that in the peripersonal space. While in
the elaboration of the peripersonal space the WS individuals
exhibited memory but not procedural deficits, in the elaboration
of the allocentric space they exhibited, beside the memory
deficit, also remarkable procedural deficits (Mandolesi et al.,
2009a; Farran et al., 2012, 2016; Foti et al., 2013; Broadbent
et al., 2014b). Such diversity of processing of near and far
space may be explained by taking into account the sensorimotor
and cognitive processes recruited as well as the neuronal
circuitry involved in the two conditions. In fact, walking tasks
involving the exploration of extra-personal space (as walking
RAM task) require to process the proprioceptive, vestibular,
visual information derived from signals related to locomotory
movements, as well as path integration processes in which the
self-motion signals are processed in conjunction with external
location-based references.
Conversely, tasks involving the processing of body–objects
interaction in peripersonal space (as table RAM task) imply
not only low-level sensorimotor representations of the space
around the different body parts (in the present case, mainly upper
limbs), but also the coding of multisensory signals in reference
frames, to which visual and proprioceptive signals on the body
parts location in space strongly contribute. Notably, it has been
reported that tactile and visual stimuli inside the peripersonal
space elicit a stronger processing and induce a more powerful
multisensory activation than stimuli outside the peripersonal
space (Serino, 2019).
The spatial memory deficit exhibited by WS participants
in the table RAM task finds correspondence in the deficits of
WS individuals when performing the Corsi Block task or block
construction tasks (Vicari et al., 1996; Jarrold et al., 1999; Farran
et al., 2001; Hoffman et al., 2003; Farran and Jarrold, 2005;
Sampaio et al., 2008).
In addition to the different processing of the information
linked to self-motion signals or to body–object interaction, it has
to be taken into account that, while in the walking RAM task, the
participants are inside themaze and see it from inside, in the table
RAM task, the participants see the whole maze from above. The
different view of the maze (from inside or from above) triggers
different mental processes related to the construction of the
spatial map. In the first case (vision from inside/RAM walking
task), the participant is compelled to build a spatial cognitivemap
of RAM to orient and move himself/herself in it. In this way, the
declarative competence of a space is built through the procedural
competence, as we previously showed (Mandolesi et al., 2003).
In the second case (vision from above/table RAM task), the
participant is facilitated in the construction of the spatial
cognitive map because he/she sees the maze in its completeness;
therefore, his/her declarative knowledge is promptly formed.
This interpretation would explain why WS individuals do not
show procedural deficits in the free-choice paradigm of the table
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RAM task. In this line, it is intriguing to interpret the vision from
above of the table RAM like an observation type that permits the
observer to develop a sort of ‘‘perceptual blueprint’’ of the task to
be learned (Bandura, 1977).
As last note, it is important to recall the functional role
of dorsal stream in the spatial cognition (Ungerleider et al.,
1998). fMRI studies showed that the dorsal stream projections
to prefrontal, premotor, and medial temporal cortices through
the posterior cingulate and retrosplenial cortices support spatial
workingmemory, visually guided action, and navigation (Kravitz
et al., 2011; Burles et al., 2018). Interestingly, in WS impairment
of dorsal stream functionality, hypoplasia of the dorsal areas of
the parietal cortex and weakening of fronto-parietal circuitry
have been described (Bernardino et al., 2014). In the light of such
an evidence, it is possible to hypothesize that in the resolution
of the table RAM task a specific portion of the posterior
cingulate cortex might be involved, linking thus the deficits of
WS individuals to the vulnerability of the medial pattern of
dorsal stream.
We are aware that a possible limitation of the present work
concerns the relatively small sample size; however, it has to be
considered that WS is a rare genetic disorder. In an attempt
to obtain major consistency among performances, we carefully
compared theWS individuals’ performances with those ofmental
age-matched TD children.
Presenting the table RAM task as a game, we allowed the study
of the searching behavior in peripersonal space in an ecological
manner. Furthermore, the table RAM is an easy task, particularly
suitable for clinical populations with evident deficits. However,
despite its simplicity, the table RAM task allows the evaluation of
different facets of the spatial abilities.
In conclusion, the present study highlights that the difficulties
in processing visuospatial information typically displayed by
individuals with WS have to be extended also to the processing
of visuospatial information of the peripersonal space. Further
research on spatial impairment in WS will be carried by using
RAM paradigms in virtual reality in a rehabilitative perspective.
DATA AVAILABILITY STATEMENT
The datasets generated for this study are available on request to
the corresponding author.
ETHICS STATEMENT
The studies involving human participants were reviewed
and approved by the Ethics Committee of Bambino Gesù
Children’s Hospital, Rome, Italy [protocol number: 486LB]
and was carried out in accordance with the Declaration
of Helsinki. Written informed consent was obtained from
the minors’ legal guardian/next of kin for the publication
of any potentially identifiable images or data included in
this article.
AUTHOR CONTRIBUTIONS
All authors designed the research. SM and MP tested the
participants. All authors analyzed the data and discussed the data.
FF, PS, LP, and LM wrote the article.
FUNDING
This research was supported by funding from the Foundation
Jérôme Lejeune to LM (n. 1567, 2016B) and from the Association
‘‘Autour des Williams’’ to FF.
ACKNOWLEDGMENTS
We would like to thank F. Gelfo for her valuable suggestions.
REFERENCES
Arleo, A., and Rondi-Reig, L. (2007). Multimodal sensory integration and
concurrent navigation strategies for spatial cognition in real and artificial
organisms. J. Integr. Neurosci. 6, 327–366. doi: 10.1142/s0219635207001593
Atkinson, J., Anker, S., Braddick, O., Nokes, L., Mason, A., and Braddick, F.
(2001). Visual and visuospatial development in young children
with Williams syndrome. Dev. Med. Child Neurol. 43, 330–337.
doi: 10.1017/s0012162201000615
Bandura, A. (1977). Social Learning Theory. Englewood Cliffs, NJ: Prentice Hall.
Bellugi, U., Lichtenberger, L., Mills, D., Galaburda, A., and Korenberg, J. R. (1999).
Bridging cognition, the brain and molecular genetics: evidence from Williams
syndrome. Trends Neurosci. 22, 197–207. doi: 10.1016/s0166-2236(99)
01397-1
Bellugi, U., and St George, M. (2001). Journey from Cognition to Brain to Gene:
Perspectives from Williams Syndrome. Cambridge, MA: Bradford Books/MIT
Press.
Benjamini, Y., and Hochberg, Y. (1995). Controlling the false discovery rate:
a practical and powerful approach to multiple testing. J. R. Stat. Soc B. 57,
289–300. doi: 10.1111/j.2517-6161.1995.tb02031.x
Bernardino, I., Mouga, S., Castelo-Branco, M., and van Asselen, M. (2013).
Egocentric and allocentric spatial representations in Williams syndrome. J. Int.
Neuropsychol. Soc. 19, 54–62. doi: 10.1017/S1355617712000963
Bernardino, I., Rebola, J., Farivar, R., Silva, E., and Castelo-Branco, M. (2014).
Functional reorganization of the visual dorsal stream as probed by 3-D
visual coherence in Williams syndrome. J. Cogn. Neurosci. 26, 2624–2636.
doi: 10.1162/jocn_a_00662
Broadbent, H. J., Farran, E. K., and Tolmie, A. (2014a). Object-based mental
rotation and visual perspective-taking in typical development and Williams
syndrome. Dev. Neuropsychol. 39, 205–225. doi: 10.1080/87565641.2013.
876027
Broadbent, H. J., Farran, E. K., and Tolmie, A. (2014b). Egocentric and allocentric
navigation strategies in Williams syndrome and typical development. Dev. Sci.
17, 920–934. doi: 10.1111/desc.12176
Broadbent, H. J., Farran, E. K., and Tolmie, A. (2015). Sequential egocentric
navigation and reliance on landmarks in Williams syndrome and
typical development. Front. Psychol. 6:216. doi: 10.3389/fpsyg.2015.
00216
Burles, F., Umiltá, A., McFarlane, L. H., Potocki, K., and Iaria, G. (2018).
Ventral-dorsal functional contribution of the posterior cingulate cortex in
human spatial orientation: a meta-analysis. Front. Hum. Neurosci. 12:190.
doi: 10.3389/fnhum.2018.00190
Ewart, A. K., Morris, C. A., Atkinson, D., Jin, W., Sternes, K., Spallone, P.,
et al. (1993). Hemizygosity at the elastin locus in a developmental
disorder, Williams syndrome. Nat. Genet. 5, 11–16. doi: 10.1038/
ng0993-11
Frontiers in Human Neuroscience | www.frontiersin.org 7 July 2020 | Volume 14 | Article 254
Foti et al. Peripersonal Visuospatial Abilities in Williams Syndrome
Farran, E. K., Blades, M., Boucher, J., Tranter, L. J., Jarrold, C., Stinton, C.,
et al. (2010). How do individuals with Williams syndrome learn a route in a
real-world environment? Dev. Sci. 13, 454–468. doi: 10.1111/j.1467-7687.2009.
00894.x
Farran, E. K., Bowler, A., Karmiloff-Smith, A., D’Souza, H., Mayall, L.,
and Hill, E. L. (2019). Cross-domain associations between motor ability,
independent exploration and large-scale spatial navigation; attention deficit
hyperactivity disorder, Williams syndrome and typical development. Front.
Hum. Neurosci. 13:225. doi: 10.3389/fnhum.2019.00225
Farran, E. K., Courbois, Y., Van Herwegen, J., and Blades, M. (2012). How useful
are landmarks when learning a route in a virtual environment? Evidence
from typical development and Williams syndrome. J. Exp. Child Psychol. 111,
571–586. doi: 10.1016/j.jecp.2011.10.009
Farran, E. K., Cranwell, M. B., Alvarez, J., and Franklin, A. (2013). Colour
discrimination and categorization in Williams syndrome. Res. Dev. Disabil. 34,
3352–3360. doi: 10.1016/j.ridd.2013.06.043
Farran, E. K., and Dodd, G. F. (2015). Drawing ability in typical and atypical
development; colour cues and the effect of oblique lines. J. Intellect. Disabil.
Res. 59, 561–570. doi: 10.1111/jir.12161
Farran, E. K., Formby, S., Daniyal, F., Holmes, T., and Van Herwegen, J. (2016).
Route-learning strategies in typical and atypical development; eye tracking
reveals atypical landmark selection in Williams syndrome. J. Intellect. Disabil.
Res. 60, 933–944. doi: 10.1111/jir.12331
Farran, E. K., and Jarrold, C. (2005). Evidence for unusual spatial location
coding in Williams syndrome: an explanation for the local bias in visuo-spatial
construction tasks?. Brain. Cogn. 59, 159–172. doi: 10.1016/j.bandc.2005.
05.011
Farran, E. K., Jarrold, C., and Gathercole, S. E. (2001). Block design performance
in theWilliams syndrome phenotype: a problem with mental imagery? J. Child.
Psychol. Psychiatry 42, 719–728. doi: 10.1111/1469-7610.00768
Foti, F., Menghini, D., Mandolesi, L., Federico, F., Vicari, S., and Petrosini, L.
(2013). Learning by observation: insights from Williams syndrome. PLoS One
8:e53782. doi: 10.1371/journal.pone.0053782
Foti, F., Petrosini, L., Cutuli, D., Menghini, D., Chiarotti, F., Vicari, S., et al. (2011).
Explorative function inWilliams syndrome analyzed through a large-scale task
with multiple reward. Res. Dev. Disabil. 32, 972–985. doi: 10.1016/j.ridd.2011.
02.001
Hoffman, J. E., Landau, B., and Pagani, B. (2003). Spatial breakdown in spatial
construction: evidence from eye fixations in children with Williams syndrome.
Cogn Psychol. 46, 260–301. doi: 10.1016/s0010-0285(02)00518-2
Jarrard, L. E. (1993). On the role of hippocampus in learning and memory in the
rat. Behav. Neural. Biol. 60, 9–26. doi: 10.1016/0163-1047(93)90664-4
Jarrold, C., Baddeley, A. D., and Hewes, A. K. (1999). Genetically dissociated
components of working memory: evidence from down’s and Williams
syndrome.Neuropsychologia 37, 637–651. doi: 10.1016/s0028-3932(98)00128-6
Koehler, U., Pabst, B., Pober, B., and Kozel, B. (2014). Clinical utility gene
card for: williams-beuren syndrome [7q11.23]. Eur. J. Hum. Genet. 22, e1–e3.
doi: 10.1038/ejhg.2014.28
Kravitz, D. J., Saleem, K. S., Baker, C. I., and Mishkin, M. (2011). A new
neural framework for visuospatial processing. Nat. Rev. Neurosci. 12, 217–230.
doi: 10.1167/11.11.923
Mandolesi, L., Addona, F., Foti, F., Menghini, D., Petrosini, L., and Vicari, S.
(2009a). Spatial competences in Williams syndrome: a radial arm maze study.
Int. J. Dev. Neurosci. 27, 205–213. doi: 10.1016/j.ijdevneu.2009.01.004
Mandolesi, L., Petrosini, L., Menghini, D., Addona, F., and Vicari, S. (2009b).
Children’s radial armmaze performance as a function of age and sex. Int. J. Dev.
Neurosci. 27, 789–797. doi: 10.1016/j.ijdevneu.2009.08.010
Mandolesi, L., Leggio, M. G., Spirito, F., and Petrosini, L. (2003). Cerebellar
contribution to spatial event processing: do spatial procedures contribute to
formation of spatial declarative knowledge? Eur. J. Neurosci. 18, 2618–2626.
doi: 10.1046/j.1460-9568.2003.02990.x
Martens, M. A.,Wilson, S. J., and Reutens, D. C. (2008). Research review:Williams
syndrome: a critical review of the cognitive, behavioral and neuroanatomical
phenotype. J. Child. Psychol. Psychiatry 49, 576–608. doi: 10.1111/j.1469-7610.
2008.01887.x
Mervis, C. B., Robinson, B. F., Bertrand, J., Morris, C. A., Klein-Tasman, B. P.,
and Armstrong, S. C. (2000). The Williams syndrome cognitive profile. Brain.
Cogn. 44, 604–628. doi: 10.1006/brcg.2000.1232
Meyer-Lindenberg, A., Mervis, C. B., Sarpal, D., Koch, P., Steele, S., Kohn, P.,
et al. (2005). Functional, structural and metabolic abnormalities of the
hippocampal formation in Williams syndrome. J. Clin. Invest. 115, 1888–1895.
doi: 10.1172/jci24892
O’Keefe, J., and Nadel, L. (1978). The Hippocampus as a Cognitive Map. Oxford:
Oxford University Press. pp. 1–570.
Overman, W. H., Pate, B. J., Moore, K., and Peuster, A. (1996). Ontogeny of place
learning in children as measured in the radial armmaze, morris search task and
open field task. Behav. Neurosci. 110, 1205–1228. doi: 10.1037/0735-7044.110.
6.1205
Roid, G. H., and Miller, L. J. (2002). Leiter—R, Leiter International Performance
Scale-Revised. Florence: Giunti O.S. Organizzazioni Speciali.
Sampaio, A., Sousa, N., Férnandez,M., Henriques,M., andGonçalves, O. F. (2008).
Memory abilities in Williams syndrome: dissociation or developmental delay
hypothesis? Brain. Cogn. 66, 290–297. doi: 10.1016/j.bandc.2007.09.005
Searcy, Y. M., Lincoln, A. J., Rose, F. E., Klima, E. S., Bavar, N., and
Korenberg, J. R. (2004). The relationship between age and IQ in adults with
Williams syndrome. Am. J. Ment. Retard. 109, 231–236. doi: 10.1352/0895-
8017(2004)109<231:TRBAAI>2.0.CO;2
Serino, A. (2019). Peripersonal space (PPS) as a multisensory interface between
the individual and the environment, defining the space of the self. Neurosci.
Biobehav. Rev. 99, 138–159. doi: 10.1016/j.neubiorev.2019.01.016
Smith, A. D., Gilchrist, I. D., Hood, B., Tassabehji, M., and Karmiloff-Smith, A.
(2009). Inefficient search of large-scale space in Williams syndrome: further
insights on the role of LIMK1 deletion in deficits of spatial cognition. Perception
38, 694–701. doi: 10.1068/p6050
Sorrentino, P., Lardone, A., Pesoli, M., Liparoti, M., Montuori, S., Curcio, G.,
et al. (2019). The development of spatial memory analyzed by means
of ecological walking task. Front. Psychol. 10:728. doi: 10.3389/fpsyg.2019.
00728
Stromme, P., Bjomstad, P. G., and Ramstad, K. (2002). Prevalence
estimation of Williams syndrome. J. Child Neurol. 17, 269–271.
doi: 10.1177/088307380201700406
Stupien, G., Florian, C., and Roullet, P. (2003). Involvement of the hippocampal
CA3- region in acquisition and in memory consolidation of spatial but
not in object information in mice. Neurobiol. Learn. Mem. 80, 32–41.
doi: 10.1016/s1074-7427(03)00022-4
Ungerleider, L. G., Courtney, S. M., and Haxby, J. V. (1998). A neural system
for human visual working memory. Proc. Natl. Acad. Sci. U S A 95, 883–890.
doi: 10.1016/s1074-7427(03)00022-4
Vicari, S., Bellucci, S., and Carlesimo, G. A. (2001). Procedural learning
deficit in children with Williams syndrome. Neuropsychologia 39, 665–677.
doi: 10.1016/s0028-3932(01)00012-4
Vicari, S., Bellucci, S., and Carlesimo, G. A. (2005). Visual and spatial long
term memory: differential pattern of impairments in williams and down
syndromes. Dev. Med. Child Neurol. 47, 305–311. doi: 10.1017/s0012162205
000599
Vicari, S., Brizzolara, D., Carlesimo, G. A., Pezzini, G., and Volterra, V. (1996).
Memory abilities in children with Williams syndrome. Cortex 32, 503–514.
doi: 10.1016/s0010-9452(96)80007-4
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Foti, Sorrentino, Menghini, Montuori, Pesoli, Turriziani, Vicari,
Petrosini and Mandolesi. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Human Neuroscience | www.frontiersin.org 8 July 2020 | Volume 14 | Article 254
